This paper investigates the effectiveness of forward guidance for the central banks of four countries: New Zealand, Norway, Sweden, and the United States. We test whether forward guidance improved market participants' ability to forecast future short-term and long-term rates. We find that forward guidance improved market participants' ability to forecast short-term rates over relatively short forecast horizons, but only for Norway and Sweden. Importantly, there is no evidence that forward guidance has increased the efficacy of monetary policy for New Zealand, the country with the longest history of forward guidance.
INTRODUCTION
Monetary policy has become increasingly transparent in developed economies since the late 1980s. Initially, transparency was seen as a crucial element of accountability, which was considered essential for central bank independence. Some economists argue that transparency increases the efficacy of monetary policy (e.g., Woodford, 2003 Woodford, , 2005 and Svensson, 2006, 2008) . Indeed, Federal Reserve Chairman Ben Bernanke (2007) suggests that increased transparency improves financial and economic performance by anchoring long-term inflation expectations, reducing economic and financial uncertainty, and encouraging financial markets to anticipate policy actions, thereby reinforcing those actions.
The idea that greater transparency necessarily enhances the efficacy of monetary policy is not shared by all. For example, Amato, Morris, and Shin (2002) ; Morris and Shin (2002) ; Thornton (2003) ; Mishkin (2004) ; Walsh (2007 Walsh ( , 2008 ; Gosselin, Lotz, and Wyplosz (2006) ; and Kool, Middeldorp, and Rosenkranz (2011) suggest that transparency is not necessarily beneficial for a variety of reasons.
The most recent innovation in monetary policy transparency is the idea that the efficacy of policy can be enhanced if policymakers inform the market of the expected path for the central bank's policy rate. That is, policymakers can increase the effectiveness of their interest policy by providing forward guidance about the future path of their policy rate. Forward guidance stems from Woodford's (1999) concept of optimal policy inertia. Specifically, Woodford (1999) argues that monetary policy will have a larger effect on longer-term rates the longer the central bank credibly commits to maintaining its policy rate. This implication is based on the expectation hypothesis of the term structure of interest rates (EH), which asserts that the long-term rate is equal to the expected short-term rate over the holding period of the long-term security plus a constant risk premium. The EH implies that a change in the policy rate will have a larger effect on longer-term yields the longer the central bank commits to keep the policy rate at the new level.
The idea that the central bank's interest rate policy will be more effective the more persistent its interest rate policy (see, e.g., Woodford, 2001; Rosenberg, 2007; and Svensson, 2008) has motivated several central banks to provide forward guidance. As was the case with inflation targeting, the Reserve Bank of New Zealand (RBNZ) took the lead. In 1997 it started to announce a path for the 3-month bank bill rate. The Norges Bank and the Riksbank followed in This paper contributes to the literature by investigating the impact of forward guidance on the predictability of future short-and long-term interest rates for New Zealand, Norway, Sweden, and the United States.
1 Our approach is based on the idea that the predictability of the future short-term rate is a hallmark of the EH (e.g., Guidolin and Thornton, 2010) . However, we do not test the EH before and after the adoption of forward guidance as some (e.g., Lange, Sack, and Whitesell, 2003) have done because conventional tests of the EH are known to give misleading results (Bekaert, Hodrick, and Marshall, 1997; Kool and Thornton, 2004; and Thornton, 2005, 2006) . Instead, we investigate whether forward guidance has significantly increased the predictability of short-term yields. We further investigate whether the use of 1 We do not include the Czech Republic for two reasons. First, the number of relevant observations is very small and second, Czech financial markets and institutions are less developed than those in the other countries we study.
forward guidance has significantly increased the predictability of long-term yields because the EH implies that increased predictability of the short-term rate should translate into increased predictability of the long-term yield as well.
We begin by assessing whether the short-term interest rate projections of the central banks of New Zealand, Norway, and Sweden are superior to those from a naïve random walk (RW) benchmark. We then use survey forecasts to evaluate the extent to which forward guidance improves market participants' ability to predict future short-term and long-term interest rates.
We compare the improvement in forecast accuracy after adopting forward guidance relative to two benchmark projections: the naïve, RW forecasts and the forecasts of a benchmark country (i.e., a country with similar characteristics that does not provide forward guidance). For New Zealand, the country benchmark is Australia; for Sweden and the United States, the United Kingdom; for Norway, Canada. The survey forecasts for all countries are from Consensus Economics (CE). For the United States we also use Blue Chip Financial's interest rate forecasts.
Finally, we investigate whether forward guidance reduced market uncertainty as measured by the cross-sectional dispersion in survey forecasts.
The remainder of the paper is as follows. Section 2 discusses the pros and cons of forward guidance. Previous empirical investigations of the effectiveness of forward guidance are presented in Section 3. Section 4 presents our analysis of the effectiveness of forward guidance and Section 5 concludes. Woodford (1999) suggested that policy effectiveness could be enhanced if interest rate policy was more inertial, noting that "aggregate demand depends not upon current short rates alone, but rather upon expected long-term real rates, which in turn depend upon expected future short rates." Similarly, Rudebusch and Williams (2008) Brzoza-Brzezina and Kot (2008) show that the benefits of publishing interest rate forecasts are marginal once macroeconomic forecasts are provided.
FORWARD GUIDANCE: THE THEORY
In addition, effective forward guidance may require the central bank to maintain its policy rate at the promised level, even when economic conditions have meanwhile improved enough to warrant an adjustment in the policy rate. That is, a central bank using forward guidance will not adjust its policy rate as rapidly as it otherwise should in response to new information. The delay could be exacerbated by an unwillingness to transmit extra disturbances to the market. Policymakers could also delay adjusting the policy rate for fear of a loss of credibility (e.g., Mishkin, 2004; Blinder and Wyplosz, 2004; and Goodhart, 2005) -the hallmark of effective forward guidance policy (Woodford, 2012) . Delaying due to credibility concerns is more likely the less the public understands policymakers' reaction function. Using a New
Keynesian framework, Gersbach and Hahn (2008a) show that if forward guidance increases the central bank's commitment to a chosen strategy model, deviating from its own forecast imposes welfare costs. Hence, the announcement of a future interest rate path results in welfare losses.
Using an alternative framework, however, Gersbach and Hahn (2008b) conclude that forward guidance improves welfare if costs of reneging on earlier commitments are sufficiently low. In any event, public perception that the central bank is reneging on a forward guidance commitment will significantly impair the effectiveness of future forward guidance.
The desirability of forward guidance also has been questioned for a variety of other reasons. For example, Moessner and Nelson (2008) provide a brief summary of practitioners'-central bankers'-views on the pros and cons of providing interest projections to the market.
Quoting, among others, Kohn (2005 Kohn ( , 2008 , Issing (2005) , Rosenberg (2007) , Bergo (2006) , and Archer (2005) , they conclude central bankers generally acknowledge the benefits of reducing uncertainty about the central bank's objectives and being able to better manage market expectations; however, they are concerned about the ability of policymakers to reach a consensus on the interest rate path. 2 Goodhart (2009) raises similar practical concerns about the feasibility and effectiveness of forward guidance.
FORWARD GUIDANCE: EMPIRICAL EVIDENCE
Empirical investigations of the effects of forward guidance have been relatively limited.
Most research has focused on New Zealand because of its relatively long period of providing forward guidance. Andersson and Hofmann (2010) do a comparative event-type analysis of the effectiveness of forward guidance in New Zealand, Norway, and Sweden, dividing monetary policy surprises into target and path surprises. The former is measured as the change in the 1-month interbank rate on the day of the announced target change; the latter is measured as the change in the 12-month-ahead 3-month implied future swap rate that is uncorrelated with the target surprise. They estimate the effect of target and path surprises on 5-and 10-year Treasury yields and the 5-year-forward rate using daily data and an exponential generalized autoregressive conditionally heteroskedastic (EGARCH) model. They also include dummy variables for several macroeconomic announcement dates and find "some mild support for the notion that the publication of an interest rate path forecast may enhance the central bank's leverage over medium term (5-year) interest rates."
Using a similar methodology, Moessner and Nelson (2008) analyze the effects of forward guidance for the RBNZ and the Fed. They conclude that the effect of surprises in monetary policy announcements on expectations of future rates is relatively small and that there is no evidence that deviations from prior forward guidance unsettle the markets. Ferrero and Secchi (2007) analyze the variability of market interest rates around policy decision dates under forward guidance for the United States, the euro area, Norway, and New
Zealand over the period 1999-2006 and find mixed results. Similar to Moessner and Nelson (2008) , they find small responses of 3-and 12-month-ahead 3-month futures rates to monetary surprises contained in the revision of the central bank's interest rate projections. In addition, they report that the changes in interest rates between two successive path announcements are similar to the subsequent revision of the path. They take this as evidence that "market operators have well understood the conditionality of the central bank's projections." 3 However, it is possible that policymakers merely revise their projected path based on the observed behavior of rates during the period between successive path announcements (e.g., Andersson and Hofmann, 2010) .
Finally, they find that when the direction of the official interest rate changes, market expectations move in the opposite direction. Drew and Karagedikli (2008) provide evidence on the impact of monetary policy surprises on the yield curve in New Zealand using intraday data and an event study methodology.
Monetary policy surprises are measured as the change in the Official Cash Rate-New Zealand's policy rate-relative to both survey expectations and expectations derived from futures and swap rates. At the 1-year horizon, there is nearly a one-to-one relation between the surprise and changes in market yields. However, the magnitude of the effect declines and becomes essentially zero after 5 years. In a related study using the same methodology, Karagedikli and Siklos (2008) find significant high-frequency effects of monetary policy surprises on the New Zealand exchange rate.
All of the above research focuses on monetary policy surprises on announcement days and the effect of these surprises on short-term and long-term interest rates. Obviously, any test of the effect of forward guidance then is a joint test, conditional on the appropriateness of the surprise measures. Furthermore, Thornton (2012) has shown that because market rates respond to news every day, the event study methodology can overestimate the response of interest rates to surprise policy actions. Overall, the evidence suggests that, at short horizons, surprise announcements have a relatively small impact on market rates. However, none of these studies investigated whether their high-frequency evidence translated into improved predictions of the short-term rates, which the effectiveness of forward guidance requires.
Our analysis is most closely related to that of McCaw and Ranchhod (2002), Turner (2006) , and Goodhart and Lim (2011) . McCaw and Ranchhod (2002) find evidence that the RBNZ's interest rate projections do not significantly outperform a RW. Turner (2006) compares RBNZ forecasts to CE forecasts and finds no difference in performance at the 3-month horizon but some improvement for the RBNZ at the 12-month horizon. Goodhart and Lim (2011) test the forecasting power of the RBNZ's projected interest path using Mincer-Zarnowitz (Mincer and Zarnowitz, 1969) regressions. They find that the RBNZ forecasts have significant predictive power for the 1-quarter-ahead money market rate and some predictive power for 2 quarters ahead, but none for longer horizons. When the same analysis is performed for the United Kingdom using market forecasts derived from the yield curve, very similar results are found.
Goodhart and Lim (2011) also report that forecasts systematically underpredict during periods with rising rates and overpredict during periods with falling rates, suggesting that the forecast improvement may be a consequence of mean-reverting behavior of the macroeconomy.
THE EFFECTIVENESS OF CENTRAL BANK FORWARD GUIDANCE
This section provides an analysis of the forecast power of interest rate projections under forward guidance regimes of the central banks of New Zealand, Norway, Sweden, and the United States. We use CE data to measure market expectations for New Zealand, Norway, and Sweden, and CE and Blue Chip survey data for the United States.
Central Banks' Practice of Forward Guidance
Monetary policy in New Zealand is based on the RBNZ Act of 1989. The RBNZ has had an explicit inflation target in a floating exchange rate regime since February 1990. While the official policy rate set by the RBNZ is its overnight cash rate, the RBNZ began publishing a path for the 90-day bill rate in an attempt to provide forward guidance about future monetary policy (e.g., Detmers and Nautz, 2012) released three times a year (February, July, and October). 6 The projections are averages of the daily rate for calendar quarters.
Forecast Performance of Central Bank Interest Rate Projections
The EH is based on market participant's ability to predict future short-term interest rates.
Consequently, our analysis begins by testing whether the central banks' projections are better than the forecasts from the naïve RW model. 7 If the central banks' projections are not significantly better than the no-predictability alternative, it is difficult to see how forward guidance could significantly improve a central bank's ability to influence longer-term yields.
Differences in forecast performance are tested using the Diebold-Mariano (DM) test (Diebold and Mariano, 1995) . The DM test statistic is based on the difference in forecast performance for a pair of models indexed as 1 λ and 2 λ . Specifically,
where d denotes the mean of a differential loss function of the general form 
The exact date when the central bank's projections are made is unknown, so it is impossible to know exactly what interest rate realizations were available at the time the projections were made. We assume that for projections made in a given month, policymakers would have at least known the interest rate at the end of the previous month. Therefore, for the RW forecasts we used the average rate during the last five market days of the month before the forecast month.
The tests are performed for the period of forward guidance. The results for New Zealand, Norway, and Sweden are presented in Tables 1 through 3 Sweden and of a similar order of magnitude. However, consistent with the findings by Goodhart and Lim (2011) and Middeldorp (2011) , the improvements are statistically significant only for horizons of a few quarters. Moreover, with two exceptions, the differences are statistically significant only for the MAE metric. 
Forward Guidance and the Efficacy of Monetary Policy
The fact that the projections of the central banks of New Zealand, Norway, and Sweden are generally superior to those of the naïve model is a necessary condition for the usefulness of forward guidance for these central banks. Stronger evidence would be that forward guidance significantly improves market participants' ability to forecast future short-term interest rates.
Specifically, we test whether the conditional expectation of the rate at time t for horizon k, We investigate whether the CE forecasts improved significantly after the introduction of forward guidance by estimating the equation 9 The unusually large forecast errors in the final quarters of 2008 associated with the financial market turmoil after Lehman Brothers' bankruptcy announcement potentially explain the lack of MSE significance as extreme errors impose a relatively large penalty on the MSE loss function. 10 We cannot match CE forecasts with central bank projections because CE forecasts are forecasts for the end of the month while central banks provide projections for the average rate in future calendar quarters.
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The dependent variable, d t , is the difference in the CE forecast error of the forward guidance central bank and the benchmark forecast error. The benchmark controls for a variety of factors that could affect interest rate predictability. Two benchmarks are used: a simple RW benchmark and the CE forecast error of a benchmark country.
11 Dum is a dummy variable that takes the value 1 during the period of forward guidance and zero otherwise. Hence, the coefficient, β , is the change in the relative forecast error during the forward guidance period. A negative estimate of β indicates an improvement in survey forecast performance relative to the benchmark associated with the adoption of forward guidance. 12 As before, we use the MAE and MSE loss functions.
The results for New Zealand are reported in Table 4 . At the 3-month horizon, all of the estimates of β are negative, suggesting forward guidance improved the forecasting performance at this horizon; however, none of the coefficients is statistically significant at the 5 percent significance level. In contrast, there are five instances where the estimate of β is positive at the 12-month horizon; in four of these instances the estimate of β is relatively large; in three instances, statistically significant. Hence, there was a marked and statistically significant deterioration in market participants' ability to forecast bill and bond rates at the 12-month horizon after the adoption of forward guidance. However, all of these instances are relative to the country benchmark. There is no significant change relative to the no-predictability benchmark, 11 For the RW benchmark, we compare the survey forecasts made in month t for the end of months t+3 and t+12 with the rate observed on the last working day of month t-1. 12 The estimate of α measures the relative forecast performance against the benchmark in the pre-forward guidance period, where 0 α > implies the benchmark performs better. and most of these estimates of β are negative, suggesting a modest but not statistically significant improvement in forecasting relative to the non-predictability alternative.
The quantitative results in Table 4 are reflected in Figure 1 , which shows the MAEs of the 12-month-ahead RW and CE forecasts for the 3-month bill rate. The vertical line denotes the beginning of forward guidance. The figure demonstrates that there was no marked improvement in the CE forecast relative to the RW forecast following the adoption of forward guidance.
Indeed, for a period immediately following the adoption of forward guidance, the CE forecasts are somewhat worse than the RW forecasts. However, the CE forecasts have been somewhat better than the RW forecasts since about 2005. Due to the considerable persistence in the difference in forecasting performance, it is difficult to conclude that the recent improvement is due to the RBNZ's forward guidance policy. In any event, the entire period since the adoption of forward guidance reveals no marked difference in the CE forecast errors relative to the RW forecast errors. Indeed, an MDM test of the difference in forecasting performance between the CE and RW forecasts indicates no statistically significant difference in forecasting performance since the RBNZ adopted forward guidance.
The results for Norway, presented in Table 5 , indicate an improvement in forecasting ability following the adoption of forward guidance for both the bill and the bond rates at both the 3-and 12-month horizons. However, in most instances the estimates are not statistically significant. There are three instances where the estimate of β is negative, relatively large, and statistically significant, but none of these is robust to either the loss function or benchmark. Figure 2 shows the absolute average forecast errors for CE and RW at the 12-month horizon for Norway. The figure shows a marked improvement of CE forecasts relative to RW forecasts following the adoption of forward guidance. Indeed, the average difference in MAEs since the adoption of forward guidance is -62 basis points, which is statistically significant. As was the case for New Zealand, there is considerable persistence in the relative forecast performance. Overall, the fact that the RW forecast errors are larger than the CE forecast errors in nearly every month following the adoption of forward guidance provides some modest support for the usefulness of forward guidance.
The improvement in forecasting performance began about a year in advance of the adoption of forward guidance, when the average difference was -55 basis points. This may be taken as evidence in support of the usefulness of forward guidance because the period roughly coincides with a change in the communications strategy of the Norges Bank, focusing more directly on interest rate conditions, including information of a quantitative range for the likely level of the short-term interest rate on a 3-to 4-month horizon (see Ferrero and Secchi, 2007) .
However, these results are not robust to the country benchmark. Moreover, there is no correspondingly marked improvement in the CE forecast relative to the RW benchmark at the 3-month horizon, where, a priori, one might expect the most improvement.
The results for Sweden, presented in Table 6 , are similar to those of Norway: There is a relatively large and statistically significant improvement in forecasting performance relative to the RW benchmark for both loss functions at the 12-month horizon, but not at the 3-month horizon. This improvement is shown in Figure 3 , which presents the MAEs for the CE and RW forecasts. The figure shows a marked improvement in survey forecasting performance since the adoption of forward guidance. However, as with Norway, the marked improvement in forecasting performance begins well in advance of the adoption of forward guidance. The average difference in MAE is -77 basis points after the adoption of forward guidance and -87 basis points for the 18 months prior to the adoption of forward guidance. Also, the figure shows that there were extended periods when the CE forecasts were markedly superior to the RW forecasts for the period prior to the adoption of forward guidance. Consequently, it is difficult to know how much of the marked improvement in performance suggested by Figure 3 is due to the Riksbank's adoption of forward guidance.
Overall, the evidence suggests an improvement in CE forecasts of the bill rate relative to RW forecasts following the adoption of forward guidance for Norway and Sweden. The improvement is large and statistically significant at the 12-month horizon, but relatively small and not statistically significant at the 3-month horizon. Moreover, the improvement tends to be smaller and is not statistically significant relative to the country benchmark. The interpretation of these findings is further complicated by the facts that a) the improvement in forecasting performance for both countries occurs well in advance of the central bank's adoption of forward guidance and b) there is marked persistence in relative forecast performance. At best, there appears to be modest evidence that the forward guidance policies of the Norges Bank and Riksbank have been associated with an improvement in the short-term rates at relatively longerterm horizons, but not at short horizons. Moreover, this improvement is not reflected in an improvement in the market's ability to forecast long-term yields.
There is no evidence that the RBNZ's forward guidance has improved market participants' ability to forecast either short-term or long-term rates at any horizon. The RBNZ has had the longest experience with forward guidance. While the intent of the Reserve Bank of New Zealand's forward guidance policy was to increase the predictability of the future course of policy, it is not specifically offering forward guidance with respect to its policy rate. Therefore, the market may not view the RBNZ's path for the 3-month rate to be a commitment to conduct policy in order to deliver the rate at or near the path. Hence, it is not entirely clear whether the evidence present here and elsewhere provides insight into the effectiveness of forward guidance monetary policy per se.
Since the intent of forward guidance is to enable central bank short-term interest rate policy to have a larger effect on longer-term interest rates, we also investigate this possibility directly. Specifically, we test whether the improvement in CE forecast performance for shortterm rates following the adoption of forward guidance is reflected in changes in longer-term rates, using the following regression:
where n t R ∆ denotes the change in the interest rate on a bond with maturity of n years and E i + ∆ denote the change in the CE forecasts for the 3-month bill rate for 3 and 12 months ahead. For New Zealand and Norway 2 n = and for Sweden 3 n = ; u is a zero-mean, constant variance stochastic error. Equation (4) is estimated for the period before and after forward guidance. If forward guidance increased the central bank's ability to affect interest rates further out on the term structure, we would expect the estimate of 2 R to be higher after forward guidance than before. Table 7 reports the estimate of 2 R for the pre-and post-forward guidance periods as well as the likelihood ratio statistic for a test of no difference between the two periods. For all countries the estimate of 2 R is larger for the post-forward guidance period; however, the difference is statistically significant only for Sweden. 13 While the results are only suggestive because of the limitations of the CE data, they are qualitatively similar to those reported in Tables 4 through 6 . Specifically, there is essentially no evidence of improvement for New 13 Using the same approach with changes in the 10-year bond yield as dependent variables fails to lead to significant results for all countries.
Zealand; somewhat stronger, but not statistically significant, evidence for Norway; and the strongest evidence for Sweden. This section investigates the extent to which the Fed's forward guidance enhanced the ability of private market participants to forecast future interest rates by estimating the equation Chip forecasts differ from the CE forecasts in that they the average rate for the forecasted calendar quarter.
16 Table 8 presents the results using CE forecasts. 17 The top panel shows the results for the RW benchmark, and the bottom panels show the results for the country benchmark. For the first period of forward guidance, there is a statistically significant improvement in forecasts of the 3-month rate with either loss function and at both the 3-month and 12-month horizons relative to RW forecasts. The gains are relatively small at the 3-month horizon but large at the 12-month horizon: 125 to 300 basis points. The FOMC increased its target for the funds rate 325 basis points between June 2004 and December 2005, so it hardly surprising that the RW forecasts did 16 Note that this implies that the January 1-quarter-ahead forecast, the February 1-quarter-ahead forecast, and the March 1-quarter-ahead forecast are for the same second calendar quarter. As a result, we may expect January forecasts to be worse than February forecasts and so on; checking the data confirms this. However, since all our results are for the Blue Chip forecast error relative to a benchmark with the same characteristics, the heterogeneity in forecast ability across months plays no role. 17 The sample starts in January 1990.
poorly during the period and that the RW forecast errors increased with the forecast horizon.
Consequently, the country benchmark constitutes a better test of the efficacy of the FOMC's forward guidance policy. There is no statistical support for forward guidance when the country benchmark is used. While the estimates of 1 β and 2 β are most often negative, they are relatively small and not statistically significant. Moreover, there is no improvement for the 10-year bond yield regardless of loss function, forecast horizon, or benchmark.
The results are even less encouraging for the second period of forward guidance: For the bill rate, all four coefficients are positive, three significantly so compared with the RW forecast.
They are negative and insignificant for the U.K. benchmark. For the bond yield, all coefficients are positive, significantly so for the MSE loss function using either the RW or country benchmark. Table 9 shows the results using the Blue Chip forecasts with the RW benchmark. 18 Only RW benchmark results are presented because corresponding survey forecasts are unavailable for other countries. The results are quantitatively and qualitatively the same as those based on the CE forecasts. The similarity in the parameter estimates is a consequence of the fact that the two sets of survey forecasts are very similar.
Forward Guidance and Forecast Consensus
This section investigates the efficacy of these central banks' forward guidance policy in a different yet complementary way. Because all forecasters have access to the same central bank forward guidance, there should be a marked reduction in cross-sectional forecast variance following the adoption of forward guidance, i.e., forward guidance should increase the 18 We choose the RW benchmark for the BC forecasts as the average interest rate in the last five working days of the month before the forecast.
predictability for all forecasters and, hence, reduce the cross-sectional variance of the forecasters in the surveys. Specifically, we evaluate the efficacy of forward guidance by testing whether there was convergence in market participants' forecasts following the adoption of forward guidance. To do this, we define the cross-sectional standard deviation of h-period-ahead forecasts of rate x at time t as
where i is the survey participant index, N is the number of individual survey forecasts, and _ f is the average forecast, i.e., _ , 1
1 .
The standard deviation, cs, is not scale invariant-the higher the current interest rate the larger the variance. To account for this fact, we normalize cs relative to level of the interest rate being forecast. Our normalized measure of variation is
where t x is the level of the forecasted rate at the time the forecast was made.
We test whether forward guidance decreased the heterogeneity of forecasts using regression equations identical to (3) and (5) The results are summarized in Table 10 . For New Zealand, all four coefficients are negative, three significantly so. Hence, it appears that forward guidance produced a convergence of expectations among survey participants. This may be seen as a mixed blessing because the consensus forecasts of short-term and long-term rates deteriorated during the period. Worse forecasts that are held more unanimously provide some support for Morris and Shin's (2002) and Kool et al.'s (2011) position that central bank transparency can actually hurt rather than help the market.
The results for Norway and Sweden also suggest that forward guidance increased forecast convergence in the bill market, but had no effect in the bond market. However, these countries experienced no improvement in the ability of market participants to forecast short-term or longterm rates relative their respective country benchmarks. Consequently, the benefits form increased convergence of expectations is unclear.
There is no evidence of increased convergence for the United States during the first period of forward guidance; there is a small and statistically significant increase in the convergence of forecasts of the short-term rate during the second. Overall, the evidence suggests that there was a statistically significant increase in convergence of forecasts following the adoption of forward guidance by the RBNZ, the Norges Bank, and the Riksbank; however, the benefit from this convergence, if any, is unclear.
SUMMARY AND CONCLUSIONS
This paper investigates the impact of forward guidance on the predictability of future short-and long-term interest rates in New Zealand, Norway, Sweden, and the United States. New We have three main findings. First, central bank interest rate projections were superior to naïve random walk forecasts at horizons up to three quarters, but the improvement was only statistically significant for Norway and Sweden, where the gain was as large as 30 to 50 basis points. In contrast, there was essentially no evidence that the RBNZ's projections were superior to RW forecasts.
Second, using 3-month-ahead and 12-month-ahead monthly survey forecasts of the 3-month bill rate and the 10-year bond yield, we find some evidence that forward guidance improves market participants' ability to predict future short-term rates relative to the predictions from the RW model. However, the evidence is significantly weaker when the post-forwardguidance forecasts are evaluated relative to a non-forward-guidance country benchmark. Also, surprisingly the evidence is strongest for longer-horizon forecasts. Moreover, the evidence is statistically significant only for Norwary, Sweden, and the United States and only relative to the no-predictability benchmark. In addition, we find no evidence of increased predictability of longterm yields for any of the forward-guidance countries using either benchmark.
Third, we found evidence of a statistically significant reduction in the cross-sectional variance of survey participants forecast following the adoption of forward guidance by the RBNZ, the Norges Bank, and the Riksbank, but not for the Federal Reserve. Given the relatively weak evidence of improvement in market participants' ability to forecast the short-term rate, the benefit associated with the increased convergence is unclear.
Overall, the statistical analysis provides weak evidence that forward guidance increased the ability of market participants to forecast future short-term yields and no evidence of increased predictability of long-term yields. Given the generally modest improvement in forecasting ability relative to the non-forward-guidance country benchmark, it is difficult to see how forward guidance could significantly increase these central banks' ability to control longterm yields as Woodford (1999 Woodford ( , 2001 Woodford ( , 2005 Woodford ( , 2012 , Svensson (2008) and others have suggested it would. Note: *Significant at 5 percent level. Significant coefficients are printed in bold. Note: *Significant at 5 percent level; **significant at 1 percent level. Significant coefficients are printed in bold. Note: *Significant at 5 percent level; **significant at 1 percent level. Significant coefficients are printed in bold. Note: *Significant at 5 percent level; **significant at 1 percent level. Significant coefficients are printed in bold. Note: *Significant at 5 percent level; **significant at 1 percent level. Significant coefficients are printed in bold. Note: **Significant at 1 percent level. Significant coefficients are printed in bold. Note: *Significant at 5 percent level; **significant at 1 percent level; Significant coefficients are printed in bold. Note: *Significant at 5 percent level; **significant at 1 percent level. Significant coefficients are printed in bold. Note: *Significant at 5 percent level; **significant at 1 percent level; significant coefficients are printed in bold. 
